Pirani C, Friedman S, Gatto MR, Iacono F, Tinarelli V, Gandolfi MG, Prati C. Survival and periapical health after root canal treatment with carrier-based root fillings: five-year retrospective assessment. International Endodontic Journal, 51, e178-e188, 2018. Aim This retrospective study explored survival and periapical healing outcomes in teeth root filled with Thermafil obturators. Methodology Root canals of 213 teeth (94 subjects, mean age 48 AE 13 years), instrumented with a step-down technique, irrigated with 5% NaOCl and 10% EDTA and filled with Thermafil and AH Plus sealer, were involved in a recall programme. Teeth were retrospectively re-examined after 5 AE 1 years in a controlled environment. Clinical and radiographic data that were collected included the following: preoperative Periapical Index (PAI) score and signs/symptoms, treatment type, root filling length and presence/ absence of voids, restoration type, follow-up PAI score and signs/symptoms. Teeth were considered 'healthy' (PAI ≤ 2, no signs/symptoms) or 'diseased' (PAI ≥ 3, signs/symptoms present, retreated, extracted for endodontic reasons). Two PAI-calibrated examiners assessed outcomes blinded to preoperative status.
Introduction
The prognosis of root canal treatment is a key consideration in treatment planning for teeth with apical periodontitis (Friedman 2002) . Whilst numerous studies have reported on prognosis, their wide range of outcomes (Friedman 2002 , Ng et al. 2007 ) has undermined the confidence of dentists in projecting the prognosis of prevention and healing of apical periodontitis (Friedman 2002) . Elimination of bias, by compliance with methodology criteria of current best evidence for prognosis, is required to narrow the range of reported outcomes (Friedman 2002) . Methodologically compliant studies, relying on conventional two-dimensional radiographic and clinical assessment, have cumulatively suggested that apical periodontitis can be prevented in 90-98% of teeth after initial root canal treatment (Sjӧgren et al. 1990 , Ørstavik 1996 , Peters et al. 2004 , de Chevigny et al. 2008a , Ng et al. 2011a , Ricucci et al. 2011 and root canal retreatment (Sjӧgren et al. 1990 , de Chevigny et al. 2008b , Ng et al. 2011a , Ricucci et al. 2011 and that apical periodontitis can be completely healed in 74-86% of teeth after initial treatment (Sjӧgren et al. 1990 , Ørstavik 1996 , Weiger et al. 2000 , Peters et al. 2004 , de Chevigny et al. 2008a , Ng et al. 2011a , Ricucci et al. 2011 and retreatment (Ørstavik 1996 , Sundqvist et al. 1998 , de Chevigny et al. 2008b , Ng et al. 2011a , Ricucci et al. 2011 .
Complete filling of the root canal space is a fundamental step in root canal treatment, conventionally achieved with gutta-percha and sealer. Vertical compaction of warm gutta-percha has gained increased acceptance and has been shown to yield favourable healing outcomes (de Chevigny et al. 2008a , Ng et al. 2011a . Over the years, several techniques have been introduced to facilitate filling of root canals with thermo-plasticised gutta-percha. One of these is Thermafil (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA), comprised of a gutta-percha-coated carrier that is heated chairside (Johnson 1978) .
In its present form, Thermafil utilizes a plastic carrier coated with a-phase gutta-percha that is heated in a dedicated oven and applied in the root canal (Gutmann et al. 1993 , Kytridou et al. 1999 , Genc ßo glu et al. 2002 , Gandolfi et al. 2013 . The resulting root filling is characterized by a homogeneous mass of gutta-percha (Gutmann et al. 1993 , Genc ßo glu et al. 2002 . Laboratory studies have suggested that it provides a stable long-term seal (Kytridou et al. 1999 , Genc ßo glu et al. 2002 , Gandolfi et al. 2013 , comparable to that of vertically compacted root fillings (Kytridou et al. 1999 , Genc ßo glu et al. 2002 . Its short learning curve (Mirfendereski et al. 2009 ) and expediency (Mirfendereski et al. 2009 , Qureshi et al. 2012 have been listed as specific advantages of Thermafil. Whereas result from laboratory studies have been encouraging, to date there are only limited data on clinical treatment outcomes in teeth root filled with Thermafil (Lipski 2000 , Gagliani et al. 2004 , Chu et al. 2005 , Hale et al. 2012 , Demirci & C ßalis ßkan 2016 . Cumulatively, these studies on a total of 321 teeth have reported complete healing rates in the range of 81-96% after observation periods of 2 or 3 years.
The aim of this retrospective cohort longitudinal study was to augment the evidence base for the 5-year prognosis after root canal treatment with Thermafil root fillings, with assessment of survival and periapical health outcomes as primary objective. Association of these outcomes with selected variables was the secondary objective. The STROBE Statement guidelines for observational studies (von Elm et al. 2007) were followed.
Materials and methods

Sample size estimation
The sample size was calculated based on Friedman et al. (2003) , assuming a healed rate difference of 15% in the range of 90% and 75% for teeth without and with apical periodontitis, respectively. The resulting total sample was 142 teeth, with an estimated sampling ratio of 1.5 between teeth without and with apical periodontitis (Friedman et al. 2003) , to support analysis with 90% power and 5% significance for a two-tailed test.
Study cohort
A cohort of 612 patients attended the Endodontic Department, Dental Clinical School of DIBINEMUniversity of Bologna, from January 2008 to December 2010, for evaluation and management of endodontic disease (Fig. 1 ). Of these, 420 subjects received root canal treatment in 675 teeth in full compliance with the World Medical Association Declaration of Helsinki (2000) . Before treatment, all subjects provided informed consent for the treatment plan, costs of treatment and maintenance, participation in the follow-up programme and in eventual research. Ninety-four subjects (213 teeth) were included in the study having satisfied the following criteria: (i) the subject residing in the country, being 18-70 years old at time of treatment, systemically healthy, having adequate oral hygiene with Plaque Index ≤20%, (ii) the tooth having preoperative probing depth of ≤5 mm, independent definitive restoration placed within 2 weeks after root canal treatment, and (iii) the records including full clinical and radiographic data with minimum of 5-year follow-up. A total of 326 subjects (462 teeth) were excluded: (i) the subject was affected by systemic disease, outside the age range selected for the study or had been treated with amino-bisphosphonates (10%), or had inadequate oral hygiene with Plaque Index >20% (10%), (ii) the tooth served as abutment for a fixed partial denture (10%) or had periodontal probing of ≥6 mm (5%), or (iii) the records were lacking clinical, radiographic or 5-year follow-up data (65%). Demographic and clinical data (age, gender, medical history, symptoms, treatment date) and radiographic parameters (periapical radiolucency, length and quality of root canal filling) were extracted from subjects' records and preoperative periapical radiographs. Periapical status was determined according to the Periapical Index (PAI; Ørstavik et al. 1986) . The study cohort is characterized with regard to assessed variables in Table 1 . The main subgroups that were compared, in compliance with the design of retrospective cohort study (Levin 2003 , Dekkers et al. 2012 , were teeth presenting with PAI score of ≤2 and those with PAI score ≥3.
Endodontic intervention
Postgraduate students enrolled in the Master Program in Endodontics at the University of Bologna performed all root canal treatments under supervision of experienced instructors. Treatment procedures adhered to the following standardized protocol: a preoperative periapical radiograph of the tooth was captured, the tooth anaesthetized with 2% mepivacaine (Carboplyina, Molteni, Scandicci, Italy) and isolated with AP, apical periodontitis. Na*Total of 193 teeth include six teeth extracted for endodontic reasons, assessed as 'diseased'. Significant associations highlighted with bold typeface.
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International Endodontic Journal, 51, e178-e188, 2018 rubber dam (Hygenic Dental Dam, Colt ene Waledent, Cuyahoga Falls, OH, USA). Straight-line access was prepared with a high-speed, water-cooled diamond bur (Intensiv, Grancia, Switzerland). After preliminary scouting of canals with size 10 K-files (Dentsply Sirona, Ballaigues, Switzerland), working length (WL) was established with an electronic apex locator (Root ZX, Morita, Tokyo, Japan) and confirmed radiographically. Canals were instrumented in a step-down sequence with the coronal third enlarged with size 4-3-2 Gates-Glidden drills (Dentsply Sirona) and the middle and apical thirds instrumented by hand with K-files (Dentsply Sirona) with 1 mm increments to size 20-45 at WL in a step-back technique. Canals were intermittently irrigated with 5-10 mL of 5% NaOCl (Niclor 5, Ogna, Muggi o, Italy), finally flushed with 1-3 mL of 10% EDTA (Tubuliclean, Ogna) and dried with sterile paper points (Mynol, Milwaukee, USA). In retreated canals, removal of root fillings was accomplished with size 4-3-2 Gates-Glidden drills and hand files with the use of solvent (Endosolv E or Endosolv R Septodont, Saint-Maur-des-Foss es Cedex, France) and verified radiographically. All canals were filled with Thermafil (Dentsply Tulsa Dental Specialties) as follows: Thermafil nickeltitanium size verifiers, primarily matching the apical enlargement size and then smaller if needed, were tried until passive fit at WL was achieved and their position verified radiographically. Thermafil obturators were selected based on the fitted verifier size, disinfected in a 5% NaOCl solution for 1 min and dried for several seconds after adjusting the rubber stop at the established length. Canal walls were coated with a thin layer of AH Plus sealer (Dentsply DeTrey, Konstanz, Germany) using K-files. Thermafil obturators were heated in ThermaPrep Plus Ovens (Dentsply Sirona) for the recommended time and positioned with a slow and continuous single movement to reach the established WL. Thermafil carriers and excess guttapercha were removed after at least 10 s with Thermacut burs (Densply Sirona), and the quality of the filling was assessed radiographically. Access cavities were temporized with Coltosol (Colt ene/Whaledent, Altst€ atten, Switzerland). Pre-, intra-and postoperative periapical radiographs were captured using the paralleling technique and exposure standardized for each tooth type to minimize radiation dose.
Teeth were definitively restored within 2 weeks after root filling in the same clinic under rubber dam isolation. The amount of remaining tooth structure determined the type of restoration. Cavities that encompassed up to one marginal ridge were directly restored with composite resins. Self-etching dentinal bonding agent (Clearfil SE BOND, Kuraray, Osaka, Japan) was applied followed by flowable (Gradia Flow, GC Corporation, Tokyo, Japan) and high-filled composite resins (Gradia, GC Corporation,) applied incrementally with 1.5-mm layers and photo-cured (Elipar 3M ESPE, St. Paul, MN, USA). Cavities that encompassed more than one marginal ridge (both ridges, one ridge and one or more cusps) were restored with the use of posts. Post space was prepared with size 4-3-2 Gates-Glidden drills, etched with 35% phosphoric acid for 15 s, rinsed with water for 10 s and dried with paper points. Carbon posts (Tech 2000 XOP, Isasan, Rovello Porro, Italy) were cemented with Scotchbond 1/RelyX Arc (3M ESPE, St. Paul, MN, USA). Severely compromised teeth were subsequently restored with provisional resin crowns, followed by metal-ceramic crowns cemented with polycarboxylate cement (Heraeus Kulzer, Hanau, Germany) 3-6 months after root canal treatment.
Outcome assessment
Subjects were examined during routine follow-up sessions between October 2013 and December 2014. One independent examiner (V.T.), not involved in provision of treatment, performed all clinical and radiographic examinations. Two additional examiners (F.I., C.Pi.) assessed outcomes; they were blinded to preoperative and subject data and previously calibrated for use of the PAI (Ørstavik et al. 1986) . A third calibrated examiner (C.Pr.) resolved any disagreements.
For teeth extracted during the observation period, the date and reason of extraction were obtained from the subject's record. Teeth extracted because of clinical signs and symptoms consistent with persistent endodontic infection were included in the statistical analysis, classified as 'diseased'. Teeth extracted for root fracture, periodontal disease or coronal fracture were accounted but excluded from analysis to avoid confounding effects.
Clinical examination of retained teeth recorded the absence/presence of spontaneous pain, swelling, sinus tract, tenderness to percussion and palpation, and the periodontal probing depth. Presence/absence and type of coronal restoration (composite resin filling, crown) were also recorded. Radiographic examination included periapical radiographs exposed using the paralleling technique. Apical status was assessed with PAI by assigning scores of 1-5 (Ørstavik et al. 1986 ). Multirooted teeth were assigned the highest score of their roots. The periapical healing outcome was dichotomized (Friedman 2002 , de Chevigny et al. 2008a ,b, Ng et al. 2011a , Ricucci et al. 2011 as 'healthy', with a PAI ≤ 2 and no clinical signs/symptoms (Ørstavik 1996 (Ørstavik , de Chevigny et al. 2008a , or 'diseased' (PAI ≥ 3, or presence of clinical signs/ symptoms, or post-treatment endodontic intervention or extraction for endodontic disease).
Root filling length was classified as 'adequate' (0-2 mm from the radiographic apex), 'long' (extruded gutta-percha/sealer) or 'short' (>2 mm from the radiographic apex). Absence or presence of voids was only assessed qualitatively, considering the recognized limitation of two-dimensional radiographs in capturing voids, especially those present on the buccal-lingual plane (Liang et al. 2011) . Presence/absence of posts also was recorded.
Analysis
Descriptive statistics were expressed as means AE standard deviation for age, and as frequencies for qualitative variables. Associations between each of the survival and periapical healing outcomes and clinical and radiographic variables were explored with bivariate analysis (chi-square test) to highlight potential outcome predictors.
The inferential analysis was conducted by creating multilevel linear regression models (mixed-effects model), applying a binary logistic function for the healing outcome and an interval censored survival function for the survival outcome. Factors associated with the outcomes were used as covariates in the multilevel model and explored at the patient level and at the tooth level. Kaplan-Meier survival analysis was used to account for extracted teeth. All tests were interpreted at the 5% level of significance.
Results
The inception cohort comprised 213 teeth from 94 subjects (55% of whom had more than one tooth treated), who matched all the inclusion criteria thus having follow-up data for ≥5 years (48 females, 46 males; mean age: 48 AE 13 years). Of these, 187 of 213 teeth (88%) survived for the study period of 5 AE 1 years (Table 1) . Twenty-six teeth were extracted: six of 213 teeth (3%) for persistent signs and symptoms of endodontic infection, 11 of 213 teeth (5%) for root fracture, seven of 213 teeth (3%) for progressing periodontal disease and two of 213 teeth (1%) for coronal fracture. The rate of tooth loss was steady (Fig. 2) with 13 of 26 teeth (50%) extracted after 31 months (interquartile range 17-56 months). The Kaplan-Meier estimated 5-year survival rate was 88%. Bivariate analysis revealed significant associations between survival and three preoperative variables: tooth type (P = 0.015), type of treatment (P = 0.012) and pulpal/periapical diagnosis (P = 0.035). Multilevel analysis (Table 2) revealed that none of these variables, both at patient and tooth level, was a significant predictor of longer survival.
A total of 193 of 213 teeth (91%) observed for the period of 5 AE 1 years were included in the statistical analysis, with 164 of 193 teeth (85%) clinically and radiographically assessed as 'healthy' and 29 of 193 teeth (15%) assessed as 'diseased' because of persistent endodontic infection. Bivariate analysis (Table 1) revealed significant associations between 'healthy' status (dependent variable) and three independent variables: preoperative pulpal/periapical diagnosis (P = 0.0001), PAI score (P = 0.0001) and adequate root filling length (P = 0.02). Differences in 'healthy' rate associated with tooth location, tooth type, the type of coronal restoration and presence/absence of posts were not significant (P > 0.05). Multilevel analysis (Table 3) identified the PAI score (P = 0.032) as the only predictor of periapical health. Presence of possible root filling voids was suggested in postoperative radiographs in 24 of 193 assessed teeth (12%).
Discussion
This retrospective study assessed survival and periapical health within a 5 AE 1-year period to augment the evidence base for prognosis after root canal treatment with Thermafil root fillings. For assessment of prognosis, a retrospective cohort study is considered at level of evidence 2b (http://www.cebm.net/oxfordcentre-evidence-based-medicine-levels-evidence-march-2009/) or 3 (http://www.cebm.net/wp-content/uploads/ 2014/06/CEBM-Levels-of-Evidence-2.1.pdf). The main advantage of this study design is its short time span, capturing outcomes that have already been expressed (Levin 2003) . Its main disadvantage is the inherent bias, common to all observational studies. An additional disadvantage of retrospective studies is the risk of missing data (Levin 2003) ; indeed, many teeth had to be excluded from the present study because of missing pre-, intra-or postoperative 5-year data, even though the University of Bologna had maintained radiographic archives and computerized documentation to facilitate the tracing of subjects' treatment data. Because of these limitations, the retrospective cohort study ranks low in the hierarchy of evidence for effectiveness of therapeutic interventions.
Postgraduate masters students treated all teeth enrolled in this study in accordance with a standardized intervention protocol. Thermafil was selected as the root filling method based on previous reports that have highlighted its very short learning curve (Mirfendereski et al. 2009), expediency (Lipski 2000 , Chu et al. 2005 , Mirfendereski et al. 2009 , Qureshi et al. 2012 , Demirci & C ßalis ßkan 2016 and adequate seal when used in conjunction with the epoxy resin-based AH Plus sealer (Gandolfi et al. 2013) . Care was taken to restore all access cavities within 2 weeks, to avoid missing restorations that might adversely impact on outcome (de Chevigny et al. 2008a , Ng et al. 2011a . Teeth that were not restored in such timely manner were excluded.
Primary outcomes of interest were defined in accordance with guidelines of the European Society of Endodontology (2006) . All extracted teeth were accounted for and, when the cause of extraction was persistent endodontic infection, were considered as 'diseased' to avoid overestimation of healing that would be associated with exclusion of such teeth. Follow-up examinations and outcome assessments were performed independently in a blinded manner. PAI scores were used to minimize bias in radiographic assessment as in many previous studies (Ørstavik 1996 , Peters et al. 2004 , de Chevigny et al. 2008a ,b, Ng et al. 2011a , Pirani et al. 2015 . The observation period of 5 AE 1 years was selected to exceed the minimum period of 4 years suggested as a cut-off point for dichotomous outcome assessment in the Quality Guidelines for endodontic treatment by the European Society of Endodontology (2006), and in conformity with previous 5-year survival analyses (Lazarski et al. 2001 , Tilashalski et al. 2004 , Salehrabi & Rotstein 2004 , Chen et al. 2007 , Tickle et al. 2008 , Ng et al. 2011b , Fransson et al. 2016 .
Variables significantly associated with the outcomes in the bivariate analysis were further analysed with a multilevel analysis to avoid confounding effects of nonindependent events (more than one tooth in each subject). Less attention was given to intraoperative variables considering that assessment of the effectiveness of interventions in a retrospective cohort study would be at a low level of evidence (http://www.cebm.net/oxford-centre-evidence-basedmedicine-levels-evidence-march-2009/). Reference to root filling voids, in particular, was only qualitative taking into account the inability of the two-dimensional radiographs used for assessing root fillings to display all voids, especially those present in the lingual and buccal aspects of the canals (Liang et al. 2011) .
The 5-year survival rate of 88% after root canal treatment with Thermafil was within the range (72-96%) previously reported for conventionally root filled teeth followed in dental clinics for periods of 4-6 years (Tickle et al. 2008 , Ng et al. 2011b , Fransson et al. 2016 ) and 10 years (Aquilino & Caplan 2002 , Dammaschke et al. 2003 , Lumley et al. 2008 , Fonzar et al. 2009 , Skupien et al. 2013 , Landys Bor en et al. 2015 , Pirani et al. 2015 . A current well-documented study (Landys Bor en et al. 2015) reported 82% survival at 10 years and just above 90% survival at 5 years, which was comparable to the survival rate in a recent 5-to 6-year study from the same group (Fransson et al. 2016) and that in the present study. Whilst the bivariate analysis highlighted significant associations of three preoperative variables with survival, multilevel linear regression models did not identify any significant predictors of survival, possibly because of the low number of extracted teeth. Importantly, the nature of treatment (initial treatment versus retreatment) was not a predictor of survival, corroborating previous reports (Fonzar et al. 2009 , Ng et al. 2011b , Landys Bor en et al. 2015 .
Notably, 5% of the treated teeth were extracted because of root fracture, quite similar to the 6% recently reported by Landys Bor en et al. (2015) . The occurrence of root fracture in root filled teeth has recently been debated with regard to its specific incidence and causative factors (Versiani et al. 2015) . It was suggested that compaction of the root filling might be one causative factor (Versiani et al. 2015) . The fact that in the present study the incidence of root fracture (5%) after root filling with Thermafil, not requiring compaction, was similar to that (6%) in a previous study (Landys Bor en et al. 2015) where root fillings were compacted did not appear to support that premise.
The survival rate in the present study was almost identical for teeth restored with crowns and with intracoronal restoration, contrary to higher survival rates for teeth restored with crowns reported in previous studies (Aquilino & Caplan 2002 , Landys Bor en et al. 2015 , Fransson et al. 2016 . This discrepancy might be attributed to the shorter observation period of 5 AE 1 years in the present study. Nevertheless, considering the retrospective nature of this study and its low level of evidence for interventions, this finding should not be interpreted as undermining the evidence supporting full-coverage restoration of root filled teeth.
Of the retained teeth, 85% appeared to be periapically healthy as assessed by two-dimensional radiographs. The only predictor of periapical healing outcome identified by multilevel analysis was the preoperative PAI score, suggestive of absence/presence of apical periodontitis, corroborating the well-documented impact of apical periodontitis on prognosis after root canal treatment (Sjӧgren et al. 1990 , Ørstavik 1996 , Peters et al. 2004 , de Chevigny et al. 2008a ,b, Ng et al. 2011a , Ricucci et al. 2011 . As expected for teeth without preoperative AP, the healthy rate was high after initial treatment (92%) and retreatment (100%) and well within the previously reported range for both initial treatment (92-98%) and retreatment (90-98%) performed with conventional root filling methods and assessed with comparable outcome measures (Sjӧgren et al. 1990 , Ørstavik 1996 , Sundqvist et al. 1998 , Peters et al. 2004 , de Chevigny et al. 2008a ,b, Ng et al. 2011a , Ricucci et al. 2011 . Thus, the study results suggested that the prognosis after treatment with Thermafil in teeth without apical periodontitis should be considered excellent.
For teeth with preoperative apical periodontitis, the overall healthy rate (73%) was slightly below the previously reported range (74-86%) after treatment with conventional root filling methods and use of similar outcome measures (Sjӧgren et al. 1990 , Ørstavik 1996 , Sundqvist et al. 1998 , Weiger et al. 2000 , Peters et al. 2004 , de Chevigny et al. 2008a ,b, Ng et al. 2011a , Ricucci et al. 2011 . For initially treated teeth with apical periodontitis, the healthy rate of 78% was well within the expected range (Ørstavik 1996 , Weiger et al. 2000 , Peters et al. 2004 , de Chevigny et al. 2008a , Ng et al. 2011a , Ricucci et al. 2011 . For retreated teeth with apical periodontitis, the healthy rate of only 64% was considerably below the previously reported range (74-84%; Sundqvist et al. 1998 , de Chevigny et al. 2008b , Ng et al. 2011a , Ricucci et al. 2011 ) but in agreement with one previous study (Sjӧgren et al. 1990 ) where 62% of retreated teeth healed. The healthy rate for teeth with preoperative apical periodontitis in the present study might have been lowered somewhat by counting the four teeth extracted for endodontic reasons as 'diseased'; in contrast, extracted teeth are commonly excluded from the analysis, which may overestimate healing outcomes by disregarding teeth extracted for persistent endodontic disease (de Chevigny et al. 2008a ,b, Ng et al. 2011a , Ricucci et al. 2011 . Nevertheless, although the small sample of only 82 teeth with apical periodontitis (54 initially treated and 28 retreated) precluded firm conclusions, the prognosis of apical periodontitis after treatment with Thermafil might be considered good.
The 5-year treatment outcome observed was comparable to those reported previously for Thermafil root filled teeth observed for 2-3 years. Lipski (2000) reported 'positive outcome' (healed and healing) in 90% of 78 teeth. Gagliani et al. (2004) reported 95% and 48% success in 122 teeth without and with apical periodontitis, respectively. Chu et al. (2005) reported 81% success in 37 teeth. More recently, Hale et al. (2012) reported 83% success in 35 teeth, and Demirci & C ßalis ßkan (2016) reported 96% success in 56 teeth. Importantly, in several of the previous studies, the outcome for teeth treated with Thermafil was comparable to that for teeth treated with laterally compacted gutta-percha (Lipski 2000 , Chu et al. 2005 , Hale et al. 2012 , Demirci & C ßalis ßkan 2016 . Taken together, the results of this and previous studies supported the utility of Thermafil when applied within the context of appropriately conducted treatment protocol.
A fairly low incidence of voids (12%) was observed in this study, even if it was only suggestive considering the two-dimensional radiographs (Liang et al. 2011) . Good adaptation to canal anatomy with minimal voids has been previously described as one of the advantages of carrier-based root filling systems, including Thermafil (Levitan et al. 2003 , Mirfendereski et al. 2009 ). The other advantages include a short learning curve (Mirfendereski et al. 2009 ), fast placement (Lipski 2000 , Chu et al. 2005 , Mirfendereski et al. 2009 , Qureshi et al. 2012 , Demirci & C ßalis ßkan 2016 and adequate density of gutta-percha in the apical third of canals (Levitan et al. 2003) . On the other hand, a fairly high incidence of extruded root filling materials (30%) was observed, comparable to the 34% extrusion reported previously (Demirci & C ßalis ßkan 2016) . Extrusion of sealer and gutta-percha is a recognized risk associated with thermoplasticized gutta-percha techniques, including Thermafil (Gutmann et al. 1993 ). This risk is elevated when Thermafil is used in association with an epoxy resin-based sealer such as AH Plus (Tennert et al. 2013) and when the obturator is inserted quickly (Levitan et al. 2003) . It is noteworthy that in this study, the healing outcome was not impacted by extrusion of the root filling. The impact of root filing extrusion on the prognosis of apical periodontitis has not yet been definitively clarified; whereas several studies have reported an adverse impact (Sjӧgren et al. 1990 , Ng et al. 2011a , Ricucci et al. 2011 , other studies have reported no significant impact (Weiger et al. 2000 , de Chevigny et al. 2008a . Nevertheless, strictly standardized instrumentation and root filling procedures are required to minimize extrusion of root filling with the use of Thermafil.
Conclusions
The 5-year survival and healthy rates in Thermafil root filled teeth suggested a comparable prognosis to that reported previously after root canal treatment with the use of conventional root fillings, supporting the clinical use of Thermafil as a root filling method. Whilst no variables were identified as predictors of longer survival, the absence of preoperative apical periodontitis was identified as a predictor of periapical healing.
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